IMPORTANCE A recent increase in patients presenting with nonfatal opioid overdoses has focused clinical attention on characterizing their risks of premature mortality.
T here has been a recent substantial national increase in opioid-associated emergency department visits and hospital admissions. Between 2005 and 2014, opioidassociated emergency department visits in the United States approximately doubled on a per capita basis, while opioidassociated inpatient stays increased by nearly two-thirds. 1 A portion of these episodes of health care utilization are associated with nonfatal overdoses. As the number of patients with nonfatal opioid overdoses has increased, there is heightened clinical interest in characterizing their subsequent risk of death, not only resulting from overdoses but also from other causes. An increased understanding of these risks could inform efforts to provide preventive and potentially lifesaving medical care after nonfatal opioid overdose and to better integrate general medical care with the treatment of opioid use disorders. Dependent use of opioids is associated with an elevated risk of premature mortality.
2 According to a meta-analysis, the annual risk of death is nearly 15 times higher among regular and dependent opioid users in treatment than among their demographically matched peers. 3 Overdose is the most common cause of death among nonelderly adult opioid users. [2] [3] [4] [5] Some other causes of excess mortality in this population include suicide, 6 unintentional injuries, 4 liver diseases, 4, 7, 8 AIDS-related illnesses, 3,7 and cancer. 4, 9 The relative magnitude of these risks varies by study design and patient population.
In contrast with the fairly extensive literature on mortality risks among outpatients under care for dependent opioid use, much less is known about risks of dying after nonfatal opioid overdose. Among a cohort of opioid-using patients in Austria who experienced a total of 2108 nonfatal opioid overdoses while receiving maintenance treatment, the all-cause mortality rate was 52.6 per 1000 person-years during a mean of 0.8 years of follow-up time. In that study, 10 nearly all of these deaths (61 of 69; 88.4%) involved intoxication with illicit substances or alcohol. In a second cohort of 4884 nonfatal heroin overdoses in Melbourne, Australia, the subsequent rate of drug overdose death was 12.0 per 1000 person-years during a mean follow-up time of 2.2 years. 11 Beyond high rates of overall mortality and high rates of fatal drug overdose, however, the magnitude and sources of excess mortality after nonfatal opioid overdose is unknown.
To help fill this gap in our understanding of the opioid overdose problem in the United States, we examined causes of death in a large cohort of nonelderly adults who were enrolled in the Medicaid program during their first year after nonfatal opioid overdose. Mortality rates and mortality ratios standardized to the general population by sex, age, and race/ ethnicity were used to describe excess mortality from several common causes of death. By characterizing sources of excess death, we sought to identify potentially avoidable causes and opportunities for prevention through integration of general medical, mental health, and addiction services. We anticipated that in addition to an excess of drug use-associated deaths, there would also be an excess of suicide 6 and homicide 12 consistent with findings in general patient populations with dependent opioid users. For similar reasons, we further anticipated that risks of death from HIV, liver disease, and cancer would be increased among patients after nonfatal opioid overdose. The first eligible nonfatal overdose was selected, and no patient contributed more than 1 observation to the cohort. First eligible overdoses that were fatal (n = 165) were excluded from the cohort. Fatal overdoses were defined as deaths resulting from opioid-associated causes (ICD-10 codes T40.0, T40.1, T40.2, T40.3, T40.4, or T40.6) on the date of opioid overdoses treated in outpatient settings or the discharge date of opioid overdoses treated in emergency department or inpatient settings. The cohort was followed up from their index date for 365 days, to the date of death from any cause, or to the end of 2007, whichever came first.
Methods

Sources of Data
Causes of Mortality
In addition to all-cause mortality, the analysis focused on selected immediate causes of death that have been reported as elevated in analyses of adults with opioid use disorder.
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These included external causes (suicide, homicide, and unintentional injuries) excluding substance use-associated causes; causes associated with substance abuse (both drug use associated and alcohol use associated); infectious diseases overall as well as specific viral infections (hepatitis and HIV); diseases of the circulatory system; respiratory diseases overall, as well as influenza, pneumonia, and chronic respiratory diseases; digestive system diseases overall, as well as cirrhosis and alcohol liver disease; and cancers (eAppendix 1 in the Supplement).
Demographic and Clinical Characteristics
Based on Medicaid eligibility data, cohort members were classified by sex, age group (18-34, 35-44, or 45-64 years) , and race/ ethnicity (Hispanic; non-Hispanic white; non-Hispanic black; and non-Hispanic other, which included American Indian/ Alaskan Native, Asian, Native Hawaiian/other Pacific Islander, and persons reporting more than 1 race). A separate variable counted the occurrence of 1 or more inpatient or outpatient diagnoses from the 31 conditions in the Elixhauser Comorbidity Index in the 180 days prior to the index nonfatal opioid overdose (eAppendix 2 in the Supplement).
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Analysis
From the nonfatal opioid overdose cohort, the number of observed deaths, person-years of follow-up, mortality rates per 10 000 person-years, expected deaths, and standardized mortality rate ratios were determined overall and stratified by demographic characteristics. For each selected cause, observed deaths, mortality rates, expected deaths, and SMRs were also calculated for the entire nonfatal opioid overdose cohort and stratified by sex. To help define the contribution of preexisting serious general medical illnesses to short-term mortality, separate analyses were performed with overdose patients with Elixhauser Comorbidity Index scores of either 0 (low) and 1 or higher (medium or high).
The SMRs were defined as the ratio of observed number of deaths in the nonfatal opioid overdose cohort to expected deaths. The number of expected deaths was calculated for a cohort of the size of the overdose cohort from the Centers for Disease Control and Prevention WONDER mortality data standardized by age, sex, and race/ethnicity. Kaplan-Meier curves of all-cause mortality were constructed by sex, and comparisons were assessed with the log-rank test. For the tabulated data, groups with nonoverlapping 95% CIs for SMRs were considered significantly different from each other. In this large exploratory study, no adjustments were made for the multiple comparisons. The significance of nonoverlapping CIs should therefore be interpreted with caution. All statistical analyses were performed with SAS version 9.4 (SAS Institute). Data analysis occurred from October 2017 to January 2018.
Results
All-Cause Mortality
The nonfatal opioid overdose cohort included 76 325 individuals, 66 736 person-years of follow-up, and 5194 deaths within 1 year ( Table 1) . The overall all-cause mortality rate for adults after opioid overdose was 778.3 per 10 000 person-years, which indicated a death rate more than 20 times higher than age, sex, and race/ethnicity-matched community controls (SMR, 24.2 [95% CI, 23.6-24.9]). The all-cause SMR was particularly elevated for young adults aged 18 to 34 years (SMR, 39.1 [95% CI, ). All-cause SMRs were significantly higher for women than men (women: SMR, 27.3 [95% CI, .3] vs men: SMR, 21.7 [95% CI, 20.9-22.6]) and were significantly higher for patients who were of white or Hispanic race/ ethnicity than patients who were of black race/ethnicity (white: SMR, 28.6 [95% CI, 
Selected Causes of Mortality in Overall Cohort
In the overall cohort, substance use-associated diseases accounted for approximately one-quarter of deaths (n = 1363; 26.2%) and were followed numerically by diseases of the circulatory system (n = 689; 13.2%) and cancer (n = 536; 10.3%) ( Table 2 ). For each cause of death examined, the SMR was significantly greater than the standardized reference population. As expected, the SMR for drug use-associated deaths 
Patient Sex and Risks of Death
Despite all-cause SMR being higher for women than men, the cumulative risk of all-cause mortality was significantly higher for men than women (χ2 1 =150 . 65;P < .001; Figure) . This was because of the overall higher death rate in men in the general population. Among men and women, substance use-associated diseases were the most common cause of death, followed by diseases of the circulatory system ( 
Patient Age and Risks of Death
Substance use-associated diseases, nearly all of which were drug use-associated (rather than associated with alcohol use), were the leading causes of death in all 3 age groups ( Table 4) . The percentage of deaths because of substance useassociated diseases declined with age from the youngest age group (n = 290 of 692; 41.9%) to the middle age group (n = 461 of 1299; 35.5%) and oldest age group (n = 612 of 3203; 19.1%), although even in the youngest group most deaths were not because of substance use-associated diseases.
All (SMR, 22.5 [95% CI, ). For most other causes of death, however, the SMRs did not significantly differ across the 3 adult age groups.
Major Medical Comorbidities and Risks of Death
Most of the patients in the cohort (n = 61 030; 80.0%) were diagnosed with 1 or more medical conditions in the Elixhauser Comorbidity Index in the 180 days prior to their initial opioid overdose. The rate of all-cause mortality during the first year after overdose for those with these comorbidities was 871.2 per 10 000 person-years, more than twice as high as for patients with none of these medical diagnoses (416.8 per 10 000 person-years) (eTable in the Supplement). Although substance use-associated deaths accounted for nearly twice the percentage of deaths among patients with an Elixhauser Comorbidity Index score of 0 (n = 254 of 569; 44.6%) than with an index of at least 1 (n = 1109 of 4625; 24.0%; P < .001), substance use-associated SMRs for the 2 patient groups were similar (comorbidity of 0: SMR, 94.4 [95% CI, .5] vs comorbidity ≥1: SMR, 84.6 [95% CI, ). For several causes of death, including cancer, digestive, respiratory, circulatory, and infectious diseases, the crude rates and SMRs were significantly higher for patients with Elixhauser Comorbidity Index score of at least 1 than those with a score of 0 (eTable in the Supplement). The suicide SMR after nonfatal opioid overdose was particularly elevated among adults with Elixhauser Comorbidity Index score of 1 or more (SMR, 119.2 [95% CI, ]) compared with adults with a score of 0 (SMR, 21.6 [95% CI, 15.2-29.8]).
Discussion
In the year after nonfatal opioid overdose, patients died at approximately 24 times the rate of the general population. Although drug use-associated deaths accounted for a substantial share of these deaths, overdoses did not account for most of the deaths. Diseases of the circulatory system, cancer, respiratory system, and suicide also made important contributions to the excess deaths. The magnitude and pattern of the premature mortality, which varied by patient sex, background level of diagnosed medical conditions, and age group, have implications for the medical and behavioral health management of adults after nonfatal opioid overdose.
The overall increase in all-cause mortality during the first year after nonfatal overdose exceeded most prior estimates of mortality in cohorts of opioid-using or dependent adults. In a review 3 of 27 opioid-dependent samples, the pooled allcause SMR (14.7) was significantly less than the present allcause SMR estimate (24.2). A high rate of mortality after nonfatal overdose is consistent with the view that underlying pulmonary, hepatic, cardiac, and other diseases can increase the risk of overdose in patients who use opioids.
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Patients with nonfatal opioid overdoses had a high subsequent risk of drug use-associated death. In the following year, their rate of drug use-associated death was more than 132 times greater than the corresponding rate in the standardized reference population. High rates of drug use-associated death were observed in men and women, in all 3 age groups, and in patients with and without recent major clinical medical diagnoses. Yet, in practice, after nonfatal opioid overdose, a substantial proportion of patients fill prescriptions for opioids 15, 19 and only a minority initiate medication-assisted treatment 19 or engage in other substance use treatment. 20 Beyond stabilizing patients after nonfatal opioid overdoses, clinicians in acute care settings have opportunities to initiate medicationassisted treatment and engage patients in ongoing medicationassisted treatment in primary care 21 or through specialty addiction services. In the year after opioid overdose, some of the subsequent mortality likely reflects known common health risk factors among patients with opioid use disorders. A high prevalence of cigarette smoking among people with substance use problems 22 likely contributes to their high standardized mortality risks for respiratory diseases, circulatory diseases, and cancer. In addition, HIV risk behaviors, such as needle sharing and unsafe sexual behaviors, are also common among adults with substance use disorders, 23 and the prevalence of HIV is elevated among adults with injection drug use.
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Hepatitis C virus is also highly prevalent among heroin and prescription-opioid users, 25,26 and these patients frequently have problems adhering to hepatitis C medication regimens.
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In 1 study, 80% of patients in treatment for opioid dependence were positive for the hepatitis C antigen.
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The high medical disease burden of patients with overdoses underscores the importance of connecting these patients to continuing medical care after overdose. Yet challenges engaging patients with substance use disorders in primary care and a high prevalence of nonadherence with medical treatment frequently complicate delivery of primary care. 28 In one study, more than one-third of all patients entering addiction treatment did not have a primary care physician. 29 In another study, most patients received no primary care during the 2 years after inpatient detoxification. 30 Such gaps may contribute to risk of mortality after a medically treated overdose occurs. Although it is unknown to what extent improved engagement in general medical care could reduce this toll, this is clearly a Log-rank test, χ 2 = 150.65; P < .001.
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Causes of Death After Nonfatal Opioid Overdose patient population with a high need for ongoing primary care as well as substance use treatment. High risk of death from circulatory, respiratory, infectious, and other diseases after a nonfatal opioid overdose calls attention to the need to develop effective models of organizing and coordinating their primary care and substance use treatment. Research on the screening, brief intervention, referral, and treatment approach has generally yielded disappointing results 31 as have efforts to enhance primary care with brief integrated drug use counseling services. 32, 33 More recently, several promising models have been developed for integrating medication-assisted treatment within primary care. 34 Within
Medicaid systems, 8 states are developing certified community behavioral health centers that aim to integrate mental health and substance use treatment. After nonfatal overdose, men and especially women were also at exceptionally high risk of suicide. In a recent study of veterans, the association between opioid use disorder and suicide was also significantly stronger for women than men. 6 In the present study, the rate of suicide during the first year after overdose for women (29.3 per 10 000 person-years) resembled the rate of suicide for women during the first year after deliberate self-harm (30.9 per 10 000 person-years). 35 Although deliberate self harm and nonfatal overdose are distinct behaviors with different correlates and separate approaches to prevention, they can co-occur within an individual and careful clinical assessment may be necessary to distinguish them. 36 A high risk of suicide after nonfatal opioid overdose underscores the importance of careful mental health assessment with appropriate follow-up for selected patients.
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Limitations
This study has several potential limitations. First, our study is based on data from 2001 through 2007. Since then opioid use, naloxone reversal, medication-assisted treatment, and other drug use patterns including risks associated with fentanyl-contaminated heroin 38 have changed the composition of patients with opioid overdoses and may have changed their subsequent risks of death. Second, there is a potential for misclassification of causes of death that may vary by age. In older adults, for example, more frequent medical comorbidities and competing mortality risks may complicate detection of substance use-associated deaths 39 and contribute to undercounting substance use-associated deaths in this age group. Third, many patients who overdose do not present for medical care.
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Fourth, different results might have been obtained if privately insured and uninsured patients with opioid overdoses were included in the analysis or if the follow-up period was extended for more than 1 year. Finally, the underlying risk of mortality among Medicaid enrollees likely differs from the standardized reference population. The reported standardized mortality rate ratios would likely be attenuated by adjustment for poverty associated with Medicaid eligibility; moreover, the level of attenuation might differ by sex and race/ ethnicity because of disparities in poverty and disability.
Conclusions
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